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(57) Abstract 

Dlsdosed are metfaods f(W producing fusion proteins witii the 
faeterodimeric cytokine, lnteileukliHl2. In order to insure Ibat die 
proper ration of fiised and non-fiised subunits are obtained in die 
fusion protein, a specific stqiwise approadi to genetic engineering 
is used. Hils consists of first expressing dw non-^^sed p40 IL-12 
subunit in a pnxhictiai cell line, followed by or simultaneously 
expressing in die same cell, a second recombinant fusion protein 
consisting of the fused polypqitide linked by a pqitide bond to die 
1^5 subunit of IL-12. Molecules containing die p35 fusion pn^in 
cannot be secreted from die transfected mammalian cell witiiout first 
complexing in a one to ratio widi the p40 subunit, dius ensuring die 
piofhictiQD of active heterodimeric fusion proteins. 
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HETERODIMERIC FUSION PROTEINS USEFUL FOR TARGETED IMMUNE 
THERAPY AND GENERAL IMMUNE STIMULATION 



Field of the Invention 

The present invention relates generally to fusion proteins. More specifically, the present 
invention relates to heterodimeric fusion proteins useful for targeted immune therapy and general 
immime stimulation. 

Background of the Invention 

One of the key immune regulators is the T helper cell which reacts to antigens presented 
on HLA class n molecules. This CD4* cell diflferentiates in response to antigenic stimulation and 
becomes a type 1 or type 2 helper (Thl or Th2) according to the type of cytokines that it secretes. 
Mosmann and Coffinan, Ann Rev. Immunol, 7: 145-173 (1989). A Thl response leads to the 
secretion of interleukin-2 (IL-2) and interferon-y (EFN^) which stimulates cell-mediated immune 
reactions against intraceUular pathogens. A Th2 response leads to die seoetion of IL-4, IL-5 and 
n^lO which stimulates antibody responses to extraceliular pathogens. The most interesting 
component of this system of regulation is that one response inhibits the oth^ through the negative 
r^ulatoiy activities of the cytoldnes that are produced. Thus, IL-4 and IL-10 can down-i^gulate 
Thl responses while IFN-y can ddwn-regulate Th2 responses. 

The regulatory activity of T hdpor cdls and thdr diflEerentiation following cjq)osure to 
antigen is regulated by cytokines as wdl. 11^12, a disulfide-linked heterodimeric cytokine with a 
40 kDa subunit and 35 kDa subunit, exerts a powerful positive regulatory mfluence on the 
devdopmoit of Thl helper T-cell immune responses. See review by Tiinchieri, Blood 84: 
4008-4027(1994). 11^12 also has a powerful q^a;pstic cflFect in tiie induction of I^ 
botii T helpers and natural IdOer (NK) cells OBur. Patent AppL 90123670.3). Secreted IFN-r then 
inhibits any Th2 odl prolifiscation and polarizes tiie response to finror cellHnecfialed immunity. 

One way of chanrinit the outcome of an immune response tynuld hn to nt^mmat PT ffi^ 
aiqicqxriateq^kine at tiie time of antigen stimulation. ffIL-4 was the mqorq^ldne present 
during antigen stinmlation, the TiaresiKsnse would be a response would be 

inlubited. b contrast, if IL-12 was the mqorcytddne present during an^ 
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response would be enhanced and the Th2 response would be inhibited. However, systemic 
administration of cytokines is diflBcult due to their very short drculating half-lives and their 
deleterious side effects. 

A better approach is to target the effect of the cytokine to a cell surface antigen by fusing 
5 it to an antibody (or fragment derived therefrom) having specificity and affinity for that antigen. 
See Gillies, etaL. Proc. Natl Acad. ScL 89: 1428-1432 (1992); U.S. Patent No 5,650,150, the 
disclosure of which is incorporated herein by reference. Alternatively, the stimulatory cytokine 
can be Imked to a protein antigen via a peptide linkage in the form of a fusion protein. See 
Hazama, et al, Vaccine 11: 629-636 (1993). However, the complex structure of IL-12 makes it 
1 0 more difficuk to express as a fusion protem due to the necessity of e^qjressing exactly the same 
molar ratio of each subunit in the final product. In fact, IL-12 itself is naturally ejq)ressed and 
secreted as a mixture of p40 homodimer. D*Andrea, e/a/., 7. Exp. Med, 176: 1387-1398 
(1992). 

Therefore, there is a need in the art for methods of producing fusion protdns with 
1 5 heteroduneric (^tokines and an antibody or an antigen that maintam the natural heterodimeric 
structure of the cytoldne and secretes the molecules Moth equimolar ratios of the subunits. 

Summary of the Invention 

The present invention pro^des heterodimeric fiision protdns usefid for taigeted immune 
therapy and general immune stimulation and metiiods for produdng these heteroduneric foaon 
20 proteins. Spedficalty, the present invention provides methods for tiie production of fo^ 

. proteins witii IL-12 that maintam its natural heteroduneric structure, and provide for the secretion 
of the molecules with equimolar ratios of IL*12 subunits. 

In one aspect of the invention, the fusion protdns conqdse a heteroduneric cytoldne 
finked to an antibody, or a portion th^eoC In a preferred cmboduncnt, the fosion protein 
25 conqmsestwodumoicdiamslmkedbyadis^ Each chhneric chain comprises a 

. dififerent subunit of the heteroduneric c^tokme finked tiirough a peptide bond to a portion of an Ig 
heavy diain. 

In an altermitive preferred cmboifimenLtte 
oompridi^ one of the subunits of the heteivMfimeric qr^^ 
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portion of an Ig heavy chain. This subunit is Ibked by a disulfide bond to the other subunit of the 
heterodimeric cytokme. In another alternative preferred embodiment, this first chimeric chain is 
linked by a disulfide bond to a second chimaic diain comprising one of the subunits of the 
heterodimeric cytokine linked by a peptide bond to a portion of an Ig heavy chain and by a 
5 disulfide bond to the other subunit ofthe heterodimeric cytokine. 

In yet another alternative preferred embodiment, the fusion protein is a trimeric fusion 
protein comprising a first and a second chimeric chain linked by a disulfide bond. Each chimeric 
chain comprises a subunit of the heterodimeric cytokine linked by a peptide bond to a portion of 
an Ig heavy chain. The subunit of one of the chimeric chains is fiirther linked by a disulfide bond 
10 to a diflferent subunit of the heterodimeric cytokine. 

Fuaon proteins ofthe mvention may be considered drimoic by virtue of two aspects of 
their structure. First, the fiision protdn is chimeric in that it includes an immunoglobulin chain 
(typically but not exduavety a heavy chan) of appropriate andgai-binding spedfidty fiised to a 
given heterodimeric cytokine. Second, an immunoconjugate ofthe invention may be diimeric in 

15 the sense that it inchides » variable region and a constant r^on whidi may be the constant r^on 
normally associated with the variable r^on, or a (Afferent one and this a V/C dmneia; eg. , 
variable and c(»istantr^onsfiom£fieientq)edes. Also embraced vritlun the tenn'^iaon 
proton" are constructs having a bbding donuun conqniang fiameworic regions and variable 
regions {le., complementarity detenmning r^ons) fi?om dif^t spedes, such as are disclosed 

20 byWiiiter,e/a/.,CT2, 188,638, 

The heterodimeric cytokine-anlibody fiision protdn ofthe present invoition preferably 
displays antigen-binding spedfidty. In a preferred embodiment, the heterodimeric cytoldne^ 
antibody fiifflon protdn comprises a heavy diain. TheheavydumcanindudeaOiUCBZ, 
and/or CH3 domains. Inanalteniativeprefmedembodimea^t]ieheterodiniedcf;yt(dmi»- 
25 antibody fiision protein comprises a light diaia The tnventira thus provides fiisioii proteins in 
wUdi the antigen faindii« qwdfidty and activity of ai^ 

-biological activity of a heterodinieric cytokine. A &sion protein ofthe present invention can be 
used to deliver setectivefy aheterodimeric qrtoMne to a target cell to 
hetero&neric cytokine can enrt a locafized Uok^cal effect 
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Preferably, the fusion protein of the present invention displays cytokine biological activity. 
The preferred heterodimeric cytokine of the fiision protein is IL-12. Fusions with antibodies 
capable of binding antigens are useful for co-localizing the immune stimulatory activity of E.-12 
either to target cells or target protein antigens. 

5 Further, the fusion protein of the present invention preferably has a longer circulating 

half-life than an unlinked heterodimeric cytokine. Fusions with the Fc portion of antibodies and 
IL-12 are useful for altering the pharmacology and biodistribution of the molecule by increasing 
its circulating half-life and its aflSnity for Fc-receptor bearing cells, e.g., antigen presenting cells. 
Changes in biodistribution may also alter its systemic toxicity by changing the mechanism by 
1 0 which it is cleared from the circulatioa 

In another aspect of the invention, the fiision proteins comprise a heterodimeric cytokine 
linked to an antigen. The preferred heterodimeric cytokine-antigen fusion protein of the present 
invaition displays cytoldne biolopcal acti^ and antigenic activity. Further, the fiiaon protan of 
the present invention preferably has a longer circulating half-life than an unUnked heterodimeric 
15 cytokine. The prefeiTedheterc>dimeric^tokineoftfaefiiaon protein is IL-12. 

In a preferred embodiment, the fusion protein comprises two chimeric diains linked by a 
disulfide bond. Each chimeric diain conq)rises a different subunit of the heterocUmeric ^okine, 
dther of which is linked through a pqytide bond to an antig^ 

In an attemattve prtfrned einbodimeDt, the fiiston protein conq)tises a first (tumeric ch^in 

20 compiiangoneofthesubumtsoftfaeheterodimedccyto^^ 

antig^ This subunit is linked by a disulfide bond to the othtf subunit of the hetero^ 
cytokine. In another alternative prrferred embodiment^ this first cMmftrift ftham { » imlreH Ky ^ 
disulfide bond to a second dmneiic chain conqxrising one of the subumts of the heterodimeric 
qrtokine finked by a pcp&ie bond to an antigen and by a disulfide bond to the other subunit of the 

25 heterodimeric ^tokine. 

In another alternative preferred embodiment, the fiision protdn is a trimeric fii^on protdn 
conq)iimng a first and a second chimeric duunUnked by a disulfide b^ Bach dmneric cfaam 
comprises a siibunit of the heteroduneric cytokine linked by a peptide bond tn an i^itigai The 
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subunit of one of the chimeric chain is further linked by a disulfide bond to a different subunit of 
the heterodimmc cytokine. 

The invention also features DNA constructs encoding the above-described fusion proteins, 
and cell lines, e.g., myelomas, transfected with these constructs, 

5 The invention also includes a method for selectively targeting a heterodimeric cytokine. In 

a preferred embodiment, the method comprise linking at least one subunit of a heterodimeric 
cytokine by a peptide bond to a portion of an Ig heavy chain. In an alternative preferred 
embodiment, the method comprise linking each of the two subunits of a heterodimeric cytokine by 
a peptide bond to a portion of an Ig heavy chain, thereby forming two chimeric chain. The two 

10 chim^c chams are linked by a disulfide bond, thereby forming a heterodimeric fusion protein. In 
yet another prrferred embodiment, the method comprises (1) linldng one of the two subunits of a 
first heterodimaic cytokme by a peptide bond to an Ig heavy chain, therd)y forming a first 
dumeric chaii^ (2) linking one of the two subumts of a second heterodimeric cytokine by a 
peptide bond to an Ig heavy chain, thereby forming a second chimmc diain; and (3) linldng the 

IS first and second dmnmcduuns by a disulfide bond, tho-diyfonnii^ a fim The 

resulting fiision piotdns can display bmding spedfici^ for a predetenmned antig^ and cytoldne 
biological activity. 

The invention also includes a method of selectively delivering a heterodimeric cytokine to 
a target cell. The method inchides providing a heterodhnraic cytokine fuaon protdn indudirig a 
20 dumeric Ig cham induding an Ig heavy cham having a variable re^^on spedfic for an epitope on 
the target cell and a constant re^on joined at its caibo?Qr termmus by a peptide bond to a 
cytokine, and an Ig light chain combined with the chhneric Ig heavy chain, formin g a functional 
antigen-binding ^te, and administeiing the fiidon protein in an amount sufSdent to leadi the 
taiget ceO to a sabject haiboring the taigrt ceiL 

25 PmrAfir, the invention featuma a methnA of Imwjifting tlift rarmX^iflin^ h«l^fr 

heterodimeric ^tokine. In a pr e fi Brred embo&ncnty the method cnmprigg linlrmg »f 
aubumtofalieterocMcdc cytoldne by a peptide Ihanahemative 
prefeiredend)o<fimeotflieinefliodconpi8^ 

cytddne by a peptide bond to a polypqytide, thereby Thetwo 
30 diimedccfaainsareliiikedbyadisu^ In 
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yet another preferred «nbodiment, the method comprises (1) linkmg one of the two subunits of a 
first heterodimeric cytokme by a peptide bond to a polypeptide, thereby forming a first chimeric 
chain; (2) Unking one of the two subunits of a second heterodimeric cytokine by a peptide bond to 
a polypeptide, thereby forming a second chimeric chain; and (3) linking the first and second 
chimeric by a disulfide bond, thereby forming a fiision protein. The polypeptide can be serum 
albumin, an antigen, and a portion of an Ig heavy chain. The resulting fiision proteins display 
cytokine biological activity. 

The IL-12 fiision proteins of the present invention are usefiil for specific targeting or 
immune stimulation when it is important to generate a cell-mediated immune response, such as in 
cancer immunotherapy or antiviral responses. They are also usefijl for specifically downregulating 
Th2 responses which often lead to the overproduction of IL-4. This cytokine has been shown to 
be essential for the development of allergy through the induction of a Th2 response and the 
resulting overproduction of IgE antibody. 

Brief Description of the Drawings 

The foregoing and other objects of the present invention, and the various features thereof 
may be more fi% understood fi-om the following desoiption, when read together with the 
accompanying drawings^ in which: 

FIG. 1 is a diagrammatic rq)resenta1ion of the predicted protdn stracture of heterodimeric 
fimon proteins; 

FIG. 2 is a diagrammatic representation of an SDS-PAGE showing an analysis, under 
reduciAg wnfitions, of protdns secreted by cdk transfected ^ 

fiiaon protein Oane 1), the Fo-p40 fiiaon protdn (tone 2), the Fc-p35 fiision protein and the 
Fo-p40 fiision protein Oane 3), the Fc-i)35 fijsion protein and the p40 subunit Oane 4). and the 
p3S subumt and the Fo-p40 fii^on protein Oane 5); 

FIG. 3 is a diagfammatic rq>iesentation of the predicted protein structure of esqpiessed 
fiision protein^ 

FIG. 4 is a bar grq»h defdcliqg tfie ainlity of various fimon ^ 
producdon; 
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FIG. 5A is a diagrammatic representation of an SDS-PAGE showing an analysis of whole 
antibody-IL-12 fiiaon proteins produced by two independent transfectants, under non-reducing 
(lanes 1 and 2) and reducing conditions (lanes 3 and 4); 

no. 5B-D are line graphs depicting the effects of human IL-12 (X), Hu-KS-IL-12 fusion 
5 protein with both human IL-12 chains (dosed squares), and Hu-KS-l/4-mouse p35 human p40 
fusion protein (open squares) on proliferation of mitogen-activated human PBMC (Panel B); 
induction of IFN-y secretion from PHA-activated PBMC (Panel C) and from mouse effector cells, 
pre-stimulated with Concanavalin A (Panel D); 

no. 6A-B are line graphs depicting the effects of IL-12 (X), single-chain fusion protein 
10 with human p35 and p40 subunits (dosed squares), and single-cham fiiaon protein with a mouse 
p35 subunit and a human p40 subunit (open squares) on induction of BFN-y secretion; 

FIG. 6C is line graphs depicting the antigen binding activity of whole Hu-KS-l/4-IL-12 
fusion protein (open squares), single-chain fusion protein with human IL-12 (open diamond), 
single-chain fusion protein with mouse p35 human p40 (open and free circles), and human IL-12 
IS (open triangles); 

FIG. 7 is a graph depicting the serum half-life of Hu-KS-IL-12 (mouse p35 human p40X 
as measured by an EUS A uiui^ a c{q)ture step with anti-i^ 

detection with dther anti-hunian Fc antibo(fy (dosed diamonds) or anti-fa^ 
antibody (open squares); 

20 FIG. 8 (top and bottom panels) are Ime graphs depicting the immunogemdty of IL-12 

iiision protdns. Serum dihitions from animals injected with either Hu-KS-1/4 antibody or Hu- 
KS-1/4-IL-12 (mouse p353 human p40) were tested for reactivity to Hu-KS-1/4 antibody. 

Detafled Description of the invention 

The present invention describes fiision protdns betwem heterocfimeric cytddnes and other 
25 protdns. Hetero<fimericqftddnescanbefbsedto,fixrexaiq^ 

antigemc properties. Fiuion proteins between hetenMlimericqrto^^ 

or antjeemc propcrtiea may have a longer drtaihtigg half life ttuin imlinlriMl hgtemdim fri ^' 

cytokines. Taigeting or antigemc properties aro not reqinred for tiieinav^ 
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as this property can also be achieved by fiiang a heterodimeric cytokine with a protem that lacks 
taigeting or antigenic properties such as, for example, senim albumia 

The fusion proteins of this invention can be produced by genetic engineering techniques. 
As depicted in FIG. I, various fusion protein constructs can be produced by the methods of the 
5 present invention. In one embodiment, one of the subunit of the heterodimeric cytokine fused to a 
polypeptide is co-expressed with a free subunit of the other type. Once expressed, the chimeric 
chain is Unked by a disulfide bond to the free subunit (FIG. IB). In another embodiment, the 
polypeptide fused with one of the subunit can be linked to another such polypeptide. Since each 
polypeptide is linked to a heterodimeric cytokine, the resulting construct has two molecules of the 

10 heterodimeric cytokine (FIG. IC), In yet another embodiment, each of the subunit of the 
heterodimeric cytokine is fiised to a polypeptide and the two chimeric chams are linked by a 
disulfide bond. The resulting construct has only one molecule of the heterodimeric cytokine 
(FIG. ID). In yet another embodiment, two subunits of the heterodimeric cytokine fused to a 
polypeptide are co-wcpressed wth a free subunit. The resulting construct has three subunits of 

IS the heterodimeric cytokine (FIG. IE). 

At present, the only known heterodimeric cytokine is IL-12. Howev^, as novel 
hetero^eric cytoldnes axe idoidfied and sequenced, a dolled artisan will be able to use methods 
of the present inymdon to produce fiision protdns with these novel heterodimeric cytoldnes. 

Methods for synthesizing useful embodiments of the invention are described, as well as 
20 assays usrful for testing thdr pharmacological activities, both in vitro and in pre-dinical in vivo 
animal models. The pref^ed gene construct encoding a chimeric chain (ie., a subunit of the 
heterodhneric cytokine fiised to a polypeptide) includes, in to 3' orientation, a DNA segment 
wUch encodes a polypeptide and DNA coding for one subunh of the heterodim^ An 
attmiathreprefisrredgenecQnstiuctmdudes,mS*^ oneotation, a DNA segment wiudi 
25 oicodes one sulmmt oftiie heterodimeric cytokine Thefiised 
geae is auembled in or insoted into an esqxresdon vector for transfection of the qipropriate 
ieciin«t cdls vrfiere it is eqnessed. 

The invention is ifhistiated fiittfier by the following non-lhnhing examples: 
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Example 1 Cloning cDNAs encoding human and mouse IL-12 subunits 

Human peripheral blood monocytes (PBMC) were obtained from a healthy volunteer and 
were purified by centrifugation on a FicoU-Hypaque (Pharmacia) gradient (1700 rpm for 20 min). 
The "buffy" coat containing the PBMC was diluted with serum-free culture medium (SF-RPMI) 
5 to a volume of 50 ml and collected by centrifugation at 1500 rpm for 5 min. Cells were 

resuspended in AIM-V cell culture medium (GIBCO) at a density of 5 x 10^ cells/ml and were 
cultured for 2 days at 37T in a humidified CO2 incubator. The attached cells were selected by 
gently agitating the culture flask to remove non-adherent cells. Fresh medium containing phorbol 
ester (100 nM) and the caldum ionophore, ionomycin (0. 1 ng/ml) was added. After three days, 
10 the cells were collected by gentle scraping and centri&gation. Poly A+ mRNA was prepared 
using oligo dX-coated beads (Dynal, Inc.). 

Subunit cDNAs were cloned using polymerase cham reactions (PGR). First strand d)NA 
was synthefflzed in a SO }il reaction contauimg oligo dl primer (50 ^g/ml), reaction buffer, 
RNA^n (10 U/ml) and reverse transcriptase. Incubation at 43T for 2 hrs, followed by 

IS extracdon with phenol, phenokdiloroform (50:50) and predpitation with ethanoL The cDNA 
product was used as tmplate for PGR reactions contaming Taq polymerase and reaction buffer 
(IQx buffer, Peildn Elmer), sense and andsense primers (0.2 to 0.5 (iM each), and 10% of the 
cDNA reaction. Primer sequences were 5'-CCAGAAAGCAAGAGAGGAGAG-3* (SEQ ID 
NO: 1) for the sense primer, and S'^AGGGAGCTGGAGTTTTAGGAAGGATTGAG-3' 

20 (SEQ ID NO: 2) for the antisense primer of the p3S subunit cDNA. The sense prima* is derived 
from a sequence in the 5' untranslated region of the p3S message just upstream of a Xmal site, 
^Me the anrisense primer encodes a translational stop codon followed shortly th^eaft^ by a 
convenient Xhol site for directional subdoning in an expression vector. Hie primers for the p40 
subunit cDNA were S'-GTGGGTGGTGTGTAGAGGAAGATGTGTG-3' (SEQ ID NO: 3) for 

25 the sense and S'-GGTtCTCGAGAACGTAAGTGGAGGGGACAG-S* (SEQ ID NO: 4) for the 
andsense primer. The smse primer encodes a umque Xhal site upgh-^ftm tlm f ratMlnttftn itfutt 

• tttewUle the antisense primer encodes a stop codon and umqueXhoI ate Botfasiibuott 
seq^eiioes, doned widi these PGR primers, 1^ 

native (or other) secretoiy leader sequences for PGR 
30 leactioDS consisted of 40 ^es mchi£i«: Inm at 92" 
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following an initial denaturation step at 94*C for 2 min. Products were gel purified and cloned in 
the SK doning vector (Strategene) for sequence verification. DNA sequencing uang a 
commercial kit (U.S. Biochemical) was carried out on each of the subunit cDNA. The same 
procedure can be used to clone the mouse p35 subunit cDNA fi-om spleen cells activated with 
5 Concanavalin A (5 ng/ml in culture medium for 3 days). Recommended primers are 

5'-CCTCTACTAACATGTGTCAATCACGCTACCTC-3' (SEQ ID NO: 5) for tiie sense and 
5'.CCCTCGAGTCAGGCGGAGCTCAGATAGCC-3' (SEQ ID NO: 6) for tiie antisense primers 
encoding the same restriction sites as described above for the human p35 subunit. 

Example 2 Expression of fusion protein combinations in transfected mammalian cells 

10 In order to make the fiised versions of each subunit, the DNAs encoding the mature 

protein sequence of each were adapted as follows. The p40 subumt DNA was digested witii Ndel 
which cuts very close to the junction of the mature protein and leader sequence, and XhoL An 
adapter oligonucleotide was syntheazed witfi the sequence 5'-CCGGGCAAGTCCA-3' (SEQ ID 
NO: 7) hybridized to a second, partiy complementary oligonucleotide with the sequence 

IS S'-TATGGACTTGC-3' (SEQ ID NO: 8). The double stranded DNA contains overhanging 
sequence conq)adbie witb ligation to an Xmal ^te at the 5 ' end and an Ndel site at the 3 ' end. 
Tbk fi^gmwt was ligated to the Ndel-Xhol fiBgment of tiie p40 cDNA and cloned as an Xmal to 
XhoIfi:agnientm vector pdC-Fc-X, cut with Xmal and Xhol. This vector already contdns a 
human IgGl Fc encodmg DNA fragment in its genomic configuration (containing introns and 

20 exons) and fiised downstream of a leader sequence derived ftom a mouse light chain. See, Gillies, 
et aL. J. ImmunoL Methods 125: 191-202 (1989). The addition of a DNA fragment to its umque 
Xmal site allows for the production of fiision proteins joined directly to the carboxyl terminus of 
the Fc, provided that the reading frame betwe^ the two sequences is maintained (Lo, et aL, U.S. 
Patent No. 5,541,087). Other proteins (e.j'.,antig^ serum albumin) can be fiised to the am^ 

25 termini ofthesesubumts in the same manner. The advantages ofthis method indude the large 
quantities of product produced and the ease of purification of the produa by binding to and 
. dution from protdn A Sq)harose. 

The same general stnitegy was used to fiise the p3S subumt DNA to Indus 
case, a S&nal-^all finker was syntfaeaized uaqg tfie ofigonudeotides 
30 5*<XXKXSAAGAAACCTC(XXXnr^ 
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5'-CCACGGGGAGGTTTCTTC-3' (SEQ ID NO: 10), which were Ugated to a p35 subunit 
DNA, cut with Ball and Xhol, and subcloned as an Xmal-Xhol fragment in the pdC-Fc-X vector, 
as described above. The human p35 subunit has been shown to be active for human ceUs but not 
mouse ceils, in terms of IL-12 activity, whereas the human p40 subunit does not show species 
5 specificity. Therefore, the human p40 subunit can be used to malce either all human IL-12 fusion 
proteins or hybrid human/mouse fusion proteins. 

The resulting constructs encode Fc-p35 or Fc^40 fusion proteins which are expected to 
spontaneously dimerize into proteins of 120 kD (50 Kd fi-om the Fc) and 130 kD respectively and 
to migrate after reduction on denaturing SDS gels as proteins of 60 kD and 65 kD. The 

10 individual subunit cDNAs were subcloned in the pdC expression vector (without the Fc) for thdr 
expression as independent proteins. This vector provides promoter sequences for expression of 
mRNA, transcribed from the cDNA insert, following the transfection of mammaUan cells. It also 
pro\ddes for a 3 ' untranslated region and poly A addition ate, downstream of the 3' Xhol 
insertion site. There are also sequences necessary for the propagation of the plasmid vaE. coli 

15 and selection with ampidllin, as wdl as a sdectable maricer gene, such as ^ydrofolate reductase 
(dhfr), for conferring resistance to methotrexate. These same conq>onents are also used in the 
pdC-Fc-X vector for ejqiresaon of the fiiaon piotems. 

For oqnes^on ofbido^caUy-active IL-12 fiisioii protein hetetodimers, diflbrait 
conAhiations of the individual vectors oicoding fimon and non-fiimon fonns of the subunits wae 

20 tranmeDtly expressed by co-transfecti(m of human 293 q>ideniial carcmoma cells. DNA was 
purified using prepantive kits (Wizard, Promega Inc.), ethanol precipitated for sterilization and 
reaispenaoa m sterile water. Calcium phosphate predpitates were prq)ared by standard methods 
uang 10 (tg of DNA per ml (5 |ig of each when two plasmids were co-tiansfected) and 0.5 
ml/plate were added to cuhutes of 293 growing in 60 mm plates at q>pioximatdy 70% 

25 conflaency. Moiecular Cixmnq A Laboratory Manual* 2nd Ed. (Sambrook, Fritsch and 
Maniatis, eds.. Cold Spring Hari)or Laboratory Press, 1989). After 16 hr, the medhm contaimiig 
.the precipitate was removed and replaced with fieshmedhim. After 3 days, the supernatant was 
iwnoved and analyzed for production of transfected gene expression by ELISA, Iriolo^ 
detetmbiation of 0^12 activity, or immunoprediritation and ana^ on SDS gds of n£oactively 

30 labeled protons. For labding,me£um without nietiuoidne:M«s used to iqdace tile g 
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medium on the second day of culture and ^^S-methionine (100 jiCi/ml) is added. After an 
additional 16 hr incubation, tlie media was harvested, clarified by centrifiigation (5 min at 13,000 
rpm in a table top microcentrifuge) and incubated with protein A Sepharose beads (10 ^l of bead 
volume per mi of culture supernatant). After 1 hr at room temperature, the beads were washed by 
5 repeated centrifiigation and resuspension in PBS buffer containing 1% NP-40. The final pellet 
was resuspended in SDS-containing gel buffer and boiled for 2 min. After removing the beads by 
centrifiigation, the supernatant was divided into two aliquots. Reducing agent (5% 
2-mercaptoethanol) was added to one sample and both are boiled for 5 min prior to loading on an 
SDS polyacrylamide gel. After electrophoresis the gel was exposed to X-ray film 
10 (autoradiography). 

An example of an analysis of the co-expression of various fusion proteins and individually 
expressed proteins, under reducmg conditions, is shown in FIG. 2. The results show that the p35 
subunit cannot be secreted from the cell, even when expressed as a fusion protein with the Fc 
fragment (lane 1). The p40 subunit, on the other hand, was readily secreted when fused to Fc 

15 Qdne 2). The p35 subxinit was secreted when it could pair with the p40 subumt, either as an Fc- 
p35 fiision pairing with an Fo-p40 fii^on protein (lane 3), the Fc-p35 pairing wth free p40 (lane 
4), or free p3S pairing with the Fc-p40 fiision protein Oane 5). In all cases of expression of a free 
subunit, together with a fiision protdn, the free subumt assembles wkh the otfier subunh and 
fi3rms a covalent, disulfide bond. A diagram ofthese various conibiaations is shown in FIG. 1. 

20 Note that the construct with each subunit fiised to Fc and co-e9q)ressed in the same cell has one 
molecule of IL-12 p^ Fc (FIG. ID), wfamas the constructs with a mngle subumt fiiaon to Fc 
paired with a free subumt (of the oHm type) has two molecules of IL-12 per Fc (J?IG. IQ. 
Esqiresaon in stabfy transfected celb is e9q)ected to be differed 

tiheesqiression and secretion is independent of p35. Thus,overex])re8aonofp40isposableand 
25 more advantageous to the ceil ance it can eaaly be e]qK>rted. This oodd lead to an 

overabundance of Fc-p40 subumts relative to Fo-p3 S and xesult in a nuxture of heterodimer and 
p40honiodimer secretion firom the cdL This would be inefficient and lead to purification 
problms. E^qmsaon ofpSS is fikefy to have a growth disadvantage^ smmexo^ 
degraded in the eodoplasndcieticuhmi, unless it befiR^^ thus, 
30 it is possible to take advantage of tUsatuation to osure 

hetetocfimer fiision product, by egq>ressmg the p3S subunit as a fiision protdn together with free 
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p40 subunh. Only p35 fusion protwn paired with an equimolar amomt of p40 subuntt can be 
secreted. Purification of tWs product on protein A results in a homogeneous preparation of 
heterodimer. A diagrammatic representation of the predicted protein structure of e3q)ressed 
fusion proteins is provided in FIG. 3 . 

Example 3 Activity of Fusion Proteins on in an IFN-y Induction Assay 

Biological activity was measured in an XPN-y induction assay using mitogen-activated 
human PBMC, purified as described in Exmple 1. After gradient centrifiigation, cells were 
resuspended in cell culture medium containing 10% fetal bovine serum (RPMI-lb) and 
pMohemaglutinin (PHA; 10 ng/ml) at a density of 5 x 10* cells/ml and were cultured for 3 days 
at 3rc in a humidified CO2 incubator. The PHA-activated celb were coUected by centrifiigation, 
washed three times \wth an equal vohmie of SF-RPMI and resuspended in fresh RPMI-10 (1 x 
10* cdls /ml). Aliquots (100 jU) were dispensed into the weUs of multiple 96-weIl plates to give a 
final cdl numbw of 10* per well. Test samples fi-om culture medium were serially diluted in fresh 
culture medium and added to wdls of the 96-weli plate. Stimulation medium (50 jU/wdl) 
containmg 10% serum and IL-2 (25 U/ml) was added. Control wells recwved only IL-2 (negative 
control) or both IL-2 and commercial IL-12 (R&D Systems) but no sample (positive control). 
The plates were incubated for 48 hr at STC in a COj incubator at wfaidi time aUquots (20 m1) 
were lonoved for anafysis of IFN-^ concentration by EUSA. 

Tbo same assay was used to determine the acfivily of mouse Sams of IL-12 fiiaon 
proteins, eoKqit that spleen cdk firom BalWc mice activated for 3 di^ with Concanavalm 
were used instead ofPHA-activated human PBMC. Amous&^edficELISAwasusedto 

quantitate the amoum of IFN^r induced by the human p40Anou8e p35 hybrid molecules from 
mouse cdls. 

For the human system, a quantitative EUSA was devdoped by coating 96-weU plates 
(Nunc-Inmiuno plate F96 Cert. Mansoib) wtii a mouse monodonal antibody ^ s^'^ humnn 
JFN-^ (I |ig/ml) m phosphate bufifered saline (PBS; Pestioi Biologicai Laboratories) ovemigfat at 
4*C, washing unbound antibody three times with PBS, and bloddiig \viih a 
seimaIbummCBSA)aadl%gMt8enimkPBS(I50MVwellfor2hrat3rq). AfierwisUqg 
tiie blodred plates fiMT tinras with PBS, test sanyies and dihitions of the I^ 
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added in a final volume of 100 mI/wcU. FoBowing an overnight incubation at 4*C, the plates were 
wadied four times with PBS, and a potyclonal rabbit antiserum agwnst human IFN-y (1/10000 
dilution; Petska Biological Laboratories) was added. After an additional incubation for 1 hr at 
3rc and four washes with PBS. a polyclonal donkey anti-rabbit detecting antibody, conjugated to 
5 horse radish peroxidase (1/700 dilution; Petska Biological Uboratories) was added for 1 hr at 
3rc. The plates are tiien washed four times with PBS and 100 ^l of K-blue substrate (ELISA 
Technologies. Neogen Corp.) was added until the color m the weUs containing the standard curve 
was sufficientiy developed, at which time 100 of Red-stop solution (ELISA Technologies) was 
added. The plate was read at 650 nm using an ELISA plate reader (Dynatech MR7000) and tiie 
10 amount of IFN-y was calculated by comparing the optical density of tiie test sample witii a 
standard curve derived from die dilutions of the control IFN-y. The amount of IFN-y tiiat was 
induced in tiie presence of botii IL-2 and IL-12 generally ranges from 1200-2000 pg/ml while the 
amount produced in the absence of IL-12 was generally less than 50 pg/ml. 

The biological activity of tiie culture supematants described in Example 2 were compared 
15 for their abifity to stimulate IFN-y productioa As depicted in FIG. 4, the highest activity was 
obtained witii die Fo-p35 fiiaon protdn co-oqiressed witii free p40 subunh, altiiough tiie otiier 
combinations vaOi both subunits were also active. More accurate measurements with purified 
protons are described bdow. 

Example 4 Expression of Antibody-ILrl2 Fusion Proteins 

20 ^C3Q>^QKatsdesaibedmExaaqde2denu)astr8tethataconveiiient 
foaon protdos ^ the n/>12 lieten>dimeric <^kme is to co-e(^^ 
together with the free p40 subunh in the same celL This can be done by two approaches: the firat 
is adueved by oo4iBnsfectii« tiie fiiann protein vect^ 

simnltaneousIyCle.. mw i lt aneoustnmsfecticm); the second b to first transfect a odlwhhp40 
25 alone and sdect fbrhightevd, stable seoetors of tMs protein, and then use tins ceD as a recipient 
for trans&dion by tihe fiiaon protein oqiressmg constnict (ie., sequential transfection). The 
latter method is pailiculatly usefid ^vliea the fiision protein is an antibody molecule witii both a 
heavy and Bgltt cbain that need to be assenfl)led pn)perfy for coriert 
Tlieoielically, the fiuion of p3 5 subunit could be to the heavy or light chain, but the preferred 
30 «nbodanert would be to the caiboigitenninusoftiie heavy chain, where H 
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interact with the IL-12 receptor on cells. It is also possible to fiise the p35 subunit via its 
carbo^qd terminus to the amino terminus of the heavy or light chain. In this case, a leader 
sequence would be required for p35 expression, since it would be at the amino terminus of the 
fusion protein, thus requiring its direction to the endoplasmic reticulum for assembly and secretion 
S from the cell. 

The nucleic acid construct can also include the endogenous promoter and enhancer for the 
variable region-encoding gene to regulate expression of the chimeric immunoglobulin chain. For 
example, the variable region encoding genes can be obtained as DNA fragments comprising the 
leader peptide, the VJ gene [functionally rearranged variable (V) regions with joining (J) segment] 
1 0 for the light chain or VDJ gene for heavy chain, and the endogenous promoter and enhancer for 
these genes. Alternatively, the gene coding for the variable region can be obtained apart from 
endogenous regulatory elements and used in an expression vector which provides these elements. 

Variable region genes can be obtained by standard DNA cloning procedures from cells 
that produce the deared antibody. Screening of the genomic library for a specific ftmctionally 
15 reairanged variable region can be acconq)lished with the use of q)propriate DNA probes such as 
DNA stents containing the J r^on DNA sequence and sequences downstream. Identification 
and confirmation of correct clones are thwi adiieved by DNA sequencing of the cloned genes and 
comparison of the sequence to the corresponding sequence of the fidl length, properly spliced 
mRNA 

20 4J Sinttiltaneom Transfecdon 

Sunultaneous transfection can be achieved by constructing a vector with two transcription 
umts and a selectable marker gene. Suc^ vectors are described for tiie eg)ression of recombinant 
antibodies in mammalian cells. Gillies^ etaL. J. Immunol MeOiods 125: 191-202 (1989). An 
ahemative method is to use two indq)ettdent plasmid vectors (one with a transcription unit for tiie 

25 fosionprcitetn and one witii a transcription um^ 

marker genes^ and to sdect for 8ucoeKfi% transfected, eaqi^^ 

presence oftiie drugs to wUcli tiiecdls have become lea^ loediotrexateincdls 

tra n s fe c t e d witii the dhfir gene). StiflanoQicr approach wouM be to use an ex^ 

tiie foflion protein to tite p3 S siAunit contafauqg a selectable marker gene and co-tiansfecting a 

30 second vector wth no sdectable inaikcr gene and a transa^on^^ Ai^ 
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dnig resistant clone obtained by the latter method could not secrete the fusion protein in the 
absence of the p40 subunit and thus, would not be detected by an ELISA assay of the culture 
supernatant. Only cells transfected with both vectors would secrete the intact fusion protein-p40 
heterodimer. 

5 A plasmid vector (pdHL7-14. 1 8-p35) was constructed, as described in Gillies, et al, 1 

Immunol Methods J 25: 191-202 (1989), that contains a dhfr-selectable marker gene, a 
transcription unit encoding a humanized 14,18 anti-GD2 antibody light chain, and a transcription 
unit encoding a humanized heavy chain fused to the p35 subunit of human IL-12. The fusion was 
achieved by ligation of the Xmal to Xhol fragment of the adapted p35 subunit cDNA, as 

10 described in Example 2, to a unique Xmal site at the end of the CH3 exon of the human IgGl H 
chain gene. Both the H and L chain transcription units mclude a cytomegalovirus (CMV) 
promoter (in place of the metallothionein promoter in the original reference) at the 5' end and a 
poly adenylation site at the 3' end. A similar vector (pC-p40) was constructed for expression of 
the free p40 subunit but did not include a selectable marker gene (dhfr or other) but still used the 

1 5 CNfV promoter for transcription. The coding re^on in this case included the natural leader 

sequence of the p40 subunit for proper trafficking to the endoplasmic leticuhim and ass^ly with 
the fiision proteia Another vemon of this vector (pNC-p40X vMch includes the neomydn 
reastance goie, was constructed for use in sequential transfectioa 

For amuhaneous transfection, plasmid DNAs (approximately 10 (ig of each plasmid; 

20 pdHL7-14.18-p3S and pC-p40) were linearized by digestion with Sail restriction enzyme, purified 
uang PCR Qeanup kit (Wizard, Promega), and electroporated into 5 x 10* myeloma cells (in 0.5 
isl ice cold PBS) using a settmg of 0.25 volts and 500 fiF. Afler a recovery for 10 min on ice, 
cells were transferred to fresh medhun and plated m 96.well dishes at approximatety lO' cells/ml. 
After 48 far, cdb were fed with rnedhmicontainmg methotrexate (0. 1 Freshmedmmwas 

25 added by exdiange of half the fluid vokime eveiy 4 days until clones appeared. E}q)res^on of the 
deared andbo<fy-IL-12 fusion protein was assayed u^ an ELISA based on antibody Fc 
•detection. The capture antibody reacted with human H and L chains, and the detect 
antibody q>ecific for human Fc. Poativedones wore expanded m selection medhim and the 
FO^ct was purified by bindmg to and ehition from proton A S^hai^ 

30 Elated proteins wmanalj^lqrPACS and detect 
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4.2 Sequential Transfection 

For sequential transfection, plasmid pNC-p40 was dectroporated into cells, as described 
above, and cells were plated and selected in G418-contaimng medium. Culture superaatants from 
drug-resistant clones were tested by ELISA for production of p40 subunit. The capture antibody 
5 was a mouse anti-human IL-12 p40 and the detecting antibody was directed to human IL-12 
p40/p70. Commercial ELISA kits are available from several manufacturers for this purpose 
(Pharminogen, San Diego; R&D Systems, MN). The highest producing cell clones were tested 
for the stable expression of p40. One such clone was transfected with pdHL7-14. 1 8-p35 plasmid 
DNA, as described above, and clones were selected in methotrexate-containing medium. 

10 Expression of the desired antibody-IL-12 ftision protein was assayed using an ELISA based on 
antibody Fc detection. The capture antibody reacted with human H and L chains, and the 
detection utilized an antibody specific for human Fc. Positive clones were expanded m selection 
medium and the product was purified by bmding to and ehjtion from proton A Sepharose as 
described above. Huted protdns were analyzed by PAGE and detected by stainmg with 

15 CoomasdeBhie. 

4.3 Actb^ofAnOMf^m^UFumonPrptdm 

As summarized in Table 1, fiiaon protdn-€jq)ressing cdl dones were obtamed by dther 
simultaneous transfection and sequential transfection but more highly productive clones were 
obtained uang sequoitial transfection. The product secreted by two individual transfectants w»e 

20 analyzed for chain conapoation. The SDS-PAGE analysis is shown in FIG. 5 A. Clearly, both 
dones secrete the same relative amount of each of the three chains: light chain, H chaiii-p35, and 
covalently bound p40,mdicating complete and proper assOTbly of this The 
same process was rq>eated with a second antibo dy, KS- 1 M, reactive with the EpCAM antigea 
es^iessed on virtually all qndennal carcinoma cdls (cobn, hiqg, breast, prostate, pancreatic, 

25 ovarian, and bladder caidnoma). Exactly the same results were obtained, indnding nftrmai 
bin^ activities of the antibocfies to thdr reqiect^ 

The tndogM activities of tiie ^le aotibod^-n^l2 fbaon protons ate shown in FIG. 5. 
When assayed fox abifily to stimulate profifisration of mttog^-activated human PBMC, tiie 
Ifa4CS-II^12 fiiaon proton vwth bo4 huma^ 
30 as tiie human IL-12 standaid ORG. 5B). The same construct containing the mouse p35 subunit 
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fused to Hu-KS-1/4 was significantly less active in the stimulation of human PBMC. When 
assayed for ability to induce IFN-y secretion fi-om PHA-activated PBMC, the Hu-KS-IL-12 
protein with human IL-12 chains was about 6-fold less active than the IL-12 standard, while the 
hybrid form was an additional 4-fold less active (FIG. 5C). When mouse effector cells 
5 (pre-stimulated with Goncanavalin A) were used, the hybrid form was about 50-fold less active 
than the mouse IL.12 standard. The all-human form was inactive (FIG. 5D), as expected from 
the literature. See, Schpenhaut, et aL, J Immunol 148: 3433-3340 (1992). 

Table 1 

Comparison of Co-transfection and Sequential 
Transfection of IL-12 Fusion Protein Expression 

Method Frequency of Positive Clones Expression Level (ng/ml) 

Co-transfection 4/22 20, 22, 244, 386 

Sequential 26/37 ig, 19, 19, 45. 48, 60. 67, 93, 

97,128.177,244, 256, 345. 
348,366.371.386,504,554, 
731.757,821.2000 

Example 5 Expression of Single Chain IL- 12 Fusion Proteins 

0 The methods just described for the production of dnneric antibody and Fo^ased fusion 

protdns can also be used in its ampler fonn to e>q)ress an^e 

(those not forming dimers). In tins case, a an^e polypqrttde encoding sequence is joined to the 
sequence for the p35subuiut and co-C3q)iessed in the same cdl as the free Qtherof 
the two metiiods, amultaneous or sequential transfection, can be used to produce single-chain 
5 heterodimericfiisaon protons. The puiposeofsudifiiaon proteins can be either to t^ 
to an antigen bearii« cell, thrcni^ the &s^^^ 

Oppeimann, WO 88/09344) or to combme the veiy spedfic mmmnostimulatoiy rffect of IL-12 
togcthoriwtii a protem antigen as an adjuvant. The Knkingofstimulatoiy proton and antigen 
ensures their co-loca&zationfonoFwinguyection into an anim^ The antigen can be any 
0 potypqrtide. These can induce antibodies m ammals capable of reacting witii tumor, viral or other 
antigens that have therapeutic vahe. For cxanqile,sc-Fv can be used as it is often advantageous 
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to induce immune responses to antibody V regions including the idiotype (specific antigen binding 
region) for the purpose of stimulating idiotype networks. 

The type of antigen used for such fusion proteins can also be one that normaUy induces an 
allergic response, such as the Der p 1 and Der p n from dust mites, or tropomyosin from several 
types of shellfish, which can be fused at the DNA level to the p35 subunit of IL-12 and expressed 
in the same cell with the p40 subunit. Immunization with such fusion proteins would induce 
strong Thl helper cell responses that would be useful in desensitizing the disease-causing Th2 
response in atopic patients with allergy. 

To demonstrate the expression of a single chain fiision protdn, a scFv version of the 
KS-1/4 antibody was constructed. The 5' end of the protdn-encoding portion of fiision gene (an 
Xbal to Afln fiagment) conasts of a leader sequence derived fi-om a mouse k light chain, fiised to 
the mature protein sequence of the KS-IM L chain V region. The end of the V region is fiised, in 
fi^me, to a DNA encoding the simple linker sequence, (Gly4Ser)3. described by others (Huston 
and Oppermann, WO 88/09344) fijllowed, in frame, by the sequence encoding the H chain V 
r^on of KS-IM. The 3' end of this scFv contains a Xmal ate, conymtible witii ligation to the 5* 
end of the human and mouse vwaons (Xmal to Xhol fi:agments) of the p35 subunit of IL-12. 
The final Xbal to Xhol fi^agments were insoted into the conesponding sites of the same 
eoqvesaon vector (pdC) used to eicpress the firee IL-12 subunits to gjve vectors pdC-SCA-hu-p35 
and pdC-SCA-mu-p3S. 

These vectors were introduced mto a human p40 expressing cell line and grown in 
medhim contanmg methotrexate (0.1 fiM). Fusion protein-expressing, drug-reastant dones were 
Identified by ELISA assays specific for the species of p35 utilized in the construct (Le.. an 11^12 
human p40 antibotbr was used for antigen capture, and qiedfie anti-mntmn nr hiini»i..p i< 
antibodies were used for detection). (Mure medufiom each ^of8iogle<liamfiisi(n protein 
were used to detetnane their amounts so that rdative spedfie aeAvi6e» emiH Ka . 

Serial dhitions <tf eadi san^le were toted for die aln% to mduoe IFN-r sec^ 

above m Example 2. The readts ate shown m HO. 6, which compares the acth% of smgle^ham 

11^12 foaionpfotcms made wiQi cither boflihunmadwMBtg or wMimo^ 

as wdl as the q>eGiesq>ecifiGi^afthefiiaion proteins. The data ahow that the human IL-12 

«in^ Cham foaion piotefa is as adh« as the whole antibody fii^ 
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but that it is not as potent as the human IL-12 standard when human PBMC were used (FIG. 6A). 
The hybrid mouse/human form was approximately 50-fold less than the mouse IL-12 control as 
was seen with the whole antibody construct (FIG. 6B). FIG. 6C shows an antigen binding assay 
of the single-chain IL-12 proteins. Plates were coated with the KS antigen recognized by the 
5 KS-1/4 antibody and used to capture any reactive antibody or antibody fusion protein. After 
washing several times, the bound fusion protein was detected using an anti-human IL-12 p40 
antibody. The data show that the single-chain fusion proteins bound to the antigen coated plate 
and could be detected with an antibody against IL-12, thus demonstrating that the fused 
molecules retam antigen binding activity. The intensity of binding was roughly 3-fold lower than 
10 that seen with the whole KS-1/4 antibody but this is not unexpected, due to the monovalency of 
the single chain construct. 

The activity results with both whole antibody and single chain IL-12 fusion proteins 
suggest that the amino terminus of the p35 chain may be important to receptor binding since 
fusions appear to reduce activity. Nonetheless, the antibody-IL-12 molecules are still very potent 
IS inducers of IFN-y at concentrations above 1 og^ml. The concentration of such molecules in 
treated ammals is expected to be several orders of magnitude higiher than this both in the 
drculation, and at fhe taig^ site of action. 

A possible way to increase the spedfic activity of antibody-IL-12 fasion protems would be 
to insert a flewble peptide linker between the antibody and p35 sequences thus giving more 
20 freedom to the amino terminal sequences of this subunit. A sequence such as the (CHy4Ser)3 

linker, described above, could be used in this manner. One possible problem with this approach is 
that such a linker could be immunogemc^ especially when fiised to a power&l immune stimulator 
sudi as IL-12. 

Example 6 PbarmaGoUnetic Properties ofILrl2 Ftasion Proteins 

25 ' The ant9)ody-IL-12fiiaQnprotdns were tested for thdrphannacoldne^^ 

foUowing intravenous ugection hxto Balb/c nuce. Blood was collected from mice by retro-orbital 
bleeding and stored at 4*C m Eppcndorf micro-ccntiifuge tubes. ELISA mctiiods were used to 
measure the amount of human antibo(fy, as well as the amount of U2tact IL-12 fii^on protdn, 
remaimng in the blood at inoreasing time points. The first EUSA measuring human antibody 

3 0 utilizes an antibody against human H and L diains for capture and an anti-human Fc antibody for 



wo 99/29732 



PCTAJS98/25978 



-21- 

detection. The fusion protein-specific assay uses the same first capture step, but an anti-p40 
subunit antibody for detection. As depicted in FIG. 7, both the antibody and IL-12 fiision protein 
had a prolonged half-life but the half-life of the fiision protein was somewhat shorter. This 
suggests that the circulating fiision protein is cleaved over time to release IL-12 while the 
5 antibody remains in the circulation. Earlier-reported experiments with other antibody-cytokine 
fiision proteins demonstrate that cytokines can be released by protease cleavage. See, GUies, et 
aL, Biocortj. Chem, 4: 230-235 (1993). Nonetheless, tiie half-lives of the fiision proteins are far 
longer than the 3 hr value reported for native IL-12. In fact, the serum concentration at 72 hr is 
still much higher than the level required to induce IFN-y secretion. Trincieri, Blood 84: 
10 4008-4027(1992). 

Example 7 Treatment of established colon carcinoma with antibody-ILrl2 fusion 
protein. 

The murine colon cardnoma, CT26, is particularly insensitive to treatment with systemic 
administration with mouse IL-12 at non-toxic doses. Martinotti, et aL, Eur, 1 Immunol 25: 

IS 137-146 (1995). Some efficacy has been found when systemic IL-12 administration has been 
combined together with repeated vaccination of inradiated CT26 cells, engineered to secrete IL-2. 
Vagliani, ei cH, Cancer Res. 56: 467-470 (1996). An alternative approach to successfiil therapy 
involved the engmeerii%CT26 to secrete low levds of ILrl2. This was ineffective unless mice 
wore first treated with antibodies to deplete CD4+ cells, Martinotti, et aL, Eur. J. ImmunoL 25: 

20 137-146 (1995), presumabty due to an immunosuppres^e effect of these cells after closure to 
the eng^e^ed tumors In Wvo. StiD another approadiofengineeringnuidihi^ier IL-12 secreton 
was fir more successfiil, thus indicating that the amount of local IL-12 was critical in establishing 
an immune re^onse to subcutaneous tumors, Colombo, et aL, Cancer Res. 56: 253 1-2534 
(1996). In this case, however, there ivas no demonstration of treatment of established, 

25 <fi8seminatedtunv)r8sisulartovidiatwouUbe8emin&^ The puipose of the 

present esqierimeot was to evahuUe the eflScacy of antibody-Ur 12 fiiaon protdns for the 
treatment of murine colon carcinoma, CT26. 

(n*26 cdk were tiansfected 1^ a cDNA encoding the antigen recogm^ 
antibody, refened to as dtiierKS antigen (KSA) or q>itiielial cell adhedon molecule CBpCAM). 
30 Qones expresang this protein on thdr siufice were identified by imnninostaining with KS-1/4 
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and fluorescence activated cell sorting (FACS) analysis. Cells from one clone, stably e^qpressing 
KSA (clone 21.6), were injected into the tail vdn of Balb/c mice (1 x 10* per mouse). Untreated 
mice formed extensive pulmonary metastases by day 28 and died within 40 days of inoculation. 
This growth rate was virtually the same as the parental cells indicating that the expression of the 
5 human KSA had no effect on CT26 immunogenicity or ability to form tumors. 

The efficacy of the antibody-IL-12 fusion protein for therapy of CT26 metastases was 
tested in this mouse model using the hybrid human/mouse form which has activity on mouse cells. 
Following tumor cell injection, mice received injections of either PBS (no treatment control), the 
KS-1/4-IL-2 fusion protein (positive control), KS-1/4 antibody with free IL-2 (negative control) 

10 or the KS-1/4-IL-12 fusion protein (test sample). Treatment began on day 4, a time when 

established metastases are readily detectable by histological staining in the lungs of animals, and 
continued daily for 5 days. On day 28 after tumor cell inoculation, animals were euthanized and 
their lungs examined for the presence of tumor. The weights of the lungs were also measured to 
determine the amount of tumor mass, relative to tumor-free mice. The results are summarized in 

IS Table 2. Untreated aiuoials had extensive metastatic disease characterized 

sui&ce coverage ofthe organ whh tumor via fiidonofindividual metastatic nodules. The 
weights of the hiqgs increased by an avmge of three-fold, inHirflting that the tumor masses 
actual^ made up the msyority of the oigan. Treated ammals had Uttle if any evidoice of 
metastases, whh some ammals completely free of tumor. None of the ammals showed any overt 

20 sign oftoridtydurii^ the treatment process. Thus, unlike treatment with syst«ucIL-12, 

antibody-IL-12 fimon protdn therapy can eradicate established metastatic CT26 colon cardnoma. 



wo 99/29732 



PCT/US9&a5978 



-23. 
Table 2 

Treatment of Murine Colon Carcinoma Lung Metastases 
in sen) Mice with Antibody-IL*12 Fusion Proteins 



Treatment Metastatic Score Organ Weights 

PBS 3,3,3,3,3.3 0.52 

Hu-KSl/4 3,3,3,3,3 0 48 

Hu-KS-1/4 + IL.2 3, 3, 3, 3, 3 0.40 

Hu-KS.IL-2 2,1,1,1,1 0 22 

Hu-KS-IL-12 1, 1, 1, 1, 1 0.20 



Experimental lung metastases were induced by intravenous injection of 10^ CT26-KSA 
cells. Treatmem bpgan three days later with intravenous injection of 10 of the 
humanized KS-1/4 antibody or the indicated fusion protein for five consecutive days. 
5 Animals were sacrificed and the metastatic score was detemiined by the extent of surface 

coverage: 0= no visible metastatic foci; 1= less than 5% of the surfoce covered; 2= 5 to 
50% of the surface covered; and 3= more than 50% of the lung surfece is covered with 
metastatic foci. 

Example 8 ILrl2 fusion proteins as vaccines. 

10 The hum a niz ^v l KS-1/4 antibody IL-12 fusion protein in PBS buflFer, made with the murine 

p35 subumt (HuKS-l/4«'mII>I2), was injected into Balb/c mice intravoiously (5 fig/day x 5). 
Control mice received the same antibody, in the same amounts, but wth no attached IL-12. 
Neither injection solution contained any other type of adjuvant. On day 10, blood samples were 
collected into microcentrifuge tubes by retro-orbital bleeding and plasma were prepared by 

15 collecting blood samples in plastic tubes contaming so<Uum dtrate, followed by centrifugation at 
M speed in an Eppendorftabletop microcentrifuge. ELISA plates (96-weIl)w^e coated with 
the HuKS-1/4 protdn contaming human constant re^on and xised to capture any mouse 
antibodies made in response to the hnmunizatioa After washmg av\»y unbound material, the 
bound mouse antibodies were detected with goat anti-mouse Fc antibody (Jackson 

20 ImmunoResearch)u>upl6dtohoc8e-nuindiperoad^ Any bound antibodies could be dvected 
to dth^ the hunran constant regions or the variable r^on, both of which are 
HU-KS-1/4 and the fiiaon proteins. 

As depicted innO. 8, there was fittfe or no reactivity to Hu-KS-1/4 without fiised IL-12. 
The fiiaon protein, ondieotfaer hand, mduced a strong antibody response m the absence of 
25 exogenous adjuvants and desphe the fiu« that the intravenous route of ftHmttiicfrratrf^n is highly 
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unfavorable for indudng such responses, compared to either subcutaneous or intraperitoneal 
admmistration. Antibodies of the IgG2a isotype, which are typical of IL-12 enhanced responses, 
were seen in the antibody-IL-12 injected group but not the group injected with the Hu-KS-1/4 
antibody. 

5 The immunogenicity of IL-12 fusion proteins administered by various routes is tested by 

injecting a solution of the fusion protein (such as that described above) in PBS or other 
biocompatible buflFer, or a known adjuvant such as Freund's incomplete or complete adjuvant. 
For example, single or multiple subcutaneous, intradermal or intraperitoneal injections can be 
given every two weeks. Alternatively, the fusion protein can be admmistered first by 
10 subcutaneous injection and then followed by intraperitoneal injection. Freund's adjuvant cannot 
be used for human use, due to the irritation at the injection site. Alternative adjuvants sudi as 
precipitates of aluminum hydroxide (Alum) are approved for human use and can be used in the 
present invention. New organic chemical adjuvants based on squalenes and lipids can also be 
used for injections into the skin. 

IS Equivalents 

The invention may be embodied in other specific forms without departing firom the spirit 
or essential characteristics thereof The foregoing embodiments are therefore to be conadered in 
all respects ilhistrative rather than limiting on the invention desoibed herein. Scope of the 
invention is thus indicated by the appended daims rather than by the foregoing description, and all 
20 changes which come within the meaning and range of equivalency of the daims are intended to be 
embraced therdn. 
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What is claimed is: 

1 1 . A heterodimeric faaon protein comprising a first and a second chimeric chain, said first 

2 chimeric chain comprising a portion of an Ig heavy chain linked by a peptide bond to a 

3 first subunit of a heterodimeric cytokine, said second chimeric chain comprising a portion 

4 of an Ig heavy chain linked by a peptide bond to a second subunit of said heterodimeric 

5 cytokine, said first and a second chain being linked by a disulfide bond. 

1 2. A fiision protein comprising a first chimeric Ig chain comprising a portion of an Ig heavy 

2 chain linked by a peptide bond to a first subunit of a heterodimeric cytokine, said first 

3 subunit of said cytokine bring linked to a second subunit of said cytokine. 

1 3 . The fiision protein of claim 2 fiirther comprising a second chimeric Ig chain comprising a 

2 portion of an Ig heavy cham linked by a peptide bond to a first subunit of a heterodimeric 

3 cytokine, said first subunit of said cytokine being linked to a second subunit of said 

4 cytokine, said first and second chains bang linked by a disulfide bond. 

1 4. A trimeric fiision protein comprising a first and a second chimeric chain linked by a 

2 disulfide bond, said first chimeric chain conq>iismg a portion of an Ig heavy chain Imked 

3 by a peptide bond to a first subunit of a heterodimeric cytokme, said second dumeric 

4 diain compiismg a portion of an Ig heavy chain linked by a peptide bond to a second 

5 subunit of said c^kine, said second subunit bdng linked by a ^sulfide bond to anoth^ 

6 said first subunit of ssid cytokine. 

1 5. Afiidon protein compiisiiig a duniericlg chain comprising a portion of an 

2 linked by a peptide bond to a first subumt of a heterocfimeiic cytokine, said first subunit of 

3 said cytokme being linked to a second subumt of said cytokine. 

1 6. Thefii8ionproteinofdaiml»2,3,4orSixdimn8aidfusioaprote^ 

2 biological activity. 

1 7. The fijaonprotdnofdaini 1,2,3,4 or 5 vAerem said fum 

2 binding apedfidty. 

1 8. The fiiaon protein of daim 1, 2, 3, 4 or 5 v\^ierein said fiigjon pmteSn hug y \^ng^ 

2 droilating half-life than an unlinked heterodimmc cy tolrin<> 
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1 9. The fusion protein of claim 1, 2, 3 or 4 wherein said portion of an Ig heavy chain further 

2 comprises a CHI domain. 

1 10. The fusion protein of claim 9 wherein said portion of an Ig heavy chain further comprises 

2 a CH2 domain. 

1 1 1. The fusion protein of claim 10 wherein said portion of an Ig heavy chain further comprises 

2 a CH3 domain. 

1 12. The fusion protein of claim 1, 2, 3 or 4 wherein said portion of an Ig heavy chain further 

2 con^)rises a CH2 and a CH3 domain. 

1 13 . The fusion protein of claim 1, 2, 3, 4 or 5 vAxcmn said heterodimeric cytokine is IL-12. 

1 14. A heteroduneric fusion protein con^rising a first and a second chimeric chain, said first 

2 chimeric chain comprising an antigen linked to a first subunit of a heterodimeric cytokine, 

3 said second chimeric chain comprising an antigen linked to a second subunit of said 

4 heterodimeric cytokine, said first and a second chain being linked by a disulfide bond. - 

1 15. A fiision protein comprising a first diimeric Ig chain comprismg an antigen linked to a first 

2 subunit of a heterodhnoic cytoldne, said first subunit of said cytokme bring linked to a 

3 second subunit of said cytokine. 

1 16. The fiision protdn of daim 15 fimher comprising a second cfaimeric Ig chain compriang 

2 an antigen linked to a first subunit of a heterodimeric cytokine, said first subunit of said 

3 <^oWne bring linked to a second subunhofsaidc^okine, said fir^ 

4 bring linked by a (fisulfide bond. 

1 17. A trinwric&aon protein conq)rising a first and a second diimeric c^ 

2 disulfide bond, md first dumeric diain oompri^ an antigen linked to a first subunit of a 

3 heteroffimeric qftokine; said second dumeric diain conqiriang an antigen linked to a 

4 second subunit ofsaidqftokine, said second 

5 another said first subunit of said cytokine. 

1 18. A metiiod of sdectivdy targeting a heterodimeric cytokine, comprifflng tha Ktiiftng 

2 a^l«ast one subunit of srid heterodimeric cytokine by a pei^ 

3 l^vydiam,therdyy to fi:>im a fiiaon protein dispk^ 

4 predetennined antigen and cytoldne biological activity. 
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1 19. A method of selectively targeting a heterodimeric cytokine, comprising the steps of: 

2 (a) linking a first subunit of said heterodimeric cytokine by a peptide bond to a portion 

3 of a first Ig heavy chain, thereby forming a first chimeric chain; 

4 (b) linking a second subunit of said heterodimeric cytokine by a peptide bond to a 

5 portion of a second Ig heavy chain, thereby forming a second chimeric chain; and 

6 (c) linking said first and said second chimeric chain by a disulfide bond, thereby 

7 forming a heterodimeric fusion protein, 

8 said fusion protein displaying binding specificity for a predetermined antigen and cytokine 

9 ^ biological activity. 

1 20. A method of selectively targeting a heterodimeric cytokine, comprising the steps of: 

2 (a) linkmg a first subxmit of said heterodimeric cytokine by a peptide bond to a 

3 polypeptide, thereby forming a first chimeric chain, said first subunit of said 

4 cytokine bring linked to a second subumt of said cytokine by a disulfide bond; 

5 (b) linking a first subunit of said het^odimeric cytokine by a peptide bond to a 

6 polypeptide, therriiy forming a second chimeric chain, said first subumt of said 

7 qftokine bdng linked to a second subunit of said ^kine by a disulfide bond; and 

8 (c) finkixig said first and said second chimeric 

9 fi^xming a heteroAmeric fusion protein, 

10 said fusion protein displaying binding spedfidty for a predetermined antigen and cytokine 

11 biological activity. 

1 21. A method of in c r easin g the circulating half^e of a heterodimeric cytokine^ comprifflng the 

2 8tq) of linldqg at least one subumt of said heterodimeric qrtokme to a polypeptide, therd)y 

3 fismuqg a fiiaon protein hawing a loiter drculalinghalf-^ 

4 heterodimeric qftokine. 

1 22. The method of daim 21 Tidimnsud polypeptide is select 

2 a portion ofan^ heavy diain, a portion (tf an Igligh^ 

3 albunun. 
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1 23 . A method of increasing the circulating half-life a heterodimeric cytokine, comprising the 

2 steps of: 

3 (a) linking a first subunit of said heterodimeric cytokine by a peptide bond to a 

4 polypeptide, thereby forming a first chimeric chain, said first subunit of said 

5 cytokme being linked to a second subunit of said cytokine by a disulfide bond; 

6 (b) linking a first subunit of said heterodimeric cytokine by a peptide bond to a 

7 polypeptide, thereby forming a second chimeric cham, said first subunit of said 

8 cytokine being linked to a second subunit of said cytokine by a disulfide bond; and 

9 (c) linking said first and said second chimeric chain by a disulfide bond, thereby 

1 0 forming a het^odimeric fiision protein, 

1 1 said fiision protein having a longer circulating half-life than unlinked first and second 

12 heterodimeric cytokines. 

1 24. The method of claim 23 wherein said first and second polypeptides are selected fi-om the 

2 group conasting of a portion of an Ig heavy chain, a portion of an Ig light chain, an 

3 antig^ and serum albunun. 
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<141> 
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<210> 1 
<211> 21 
<212> DMA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 1 

ccagaaagca agagaccaga g 

<210> 2 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 2 

ggagggacct cgagttttag gaagcattca g 

<210> 3 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 3 

ctccgtcctg tctagagcaa gatgtgtc 

<210> 4 
<211> 30 
<212> DHA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 4 
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gcttctcgag aacctaactg cagggcacag 

<210> 5 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 5 

cctctactaa catgtgtcaa tcacgctacc tc 

<210> 6 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 6 

ccctcgagtc aggcggagct cagatagcc 

<210> 7 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 7 

ccgggcaagt cca 

<210> 8 
<211> 11 

<2i2> vm 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 8 
tatggacttg c 

<210> 9 
<211> 22 
<212> MA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 9 

ccgggaagaa acctccccgt gg 

<210> 10 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 10 

ccacggggag gtttcttc 13 



